Abstract: Infusions of the leaves and seeds of Annona crassiflora Mart. are commonly employed in the treatment of diarrhoea, snakebites, tumours and disorders of the hair and scalp. The aim of the present study was to investigate the cytotoxic and genotoxic properties of ethanolic extracts of A. crassiflora by evaluating their effects on germination, root elongation, chromosome structure and the cell division of Lactuca sativa (lettuce). The experiment followed a randomized design involving the treatment of L. sativa seeds with ethanolic extracts from leaves and seeds of A. crassiflora applied at ten concentrations (0.0125, 0.025, 0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, and 1.2 mg/L) and with five repetitions per treatment. Seeds of L. sativa exposed for 48 h to A. crassiflora leaf extract at concentrations ≥ 0.1 mg/L, or to seed extracts at concentrations ≥ 0.2 mg/L, showed germination percentages that were significantly (p < 0.05) lower than those of seeds exposed to aqueous ethanol control. Exposure of L. sativa seedlings to leaf (but not seed) extracts of A. crassiflora produced significant (p < 0.05) reductions in the mitotic indices of root meristem cells of lettuce and induced chromosome and nuclear abnormalities in the root cells. The presence of chromosome stickiness, bridges, fragments, laggard chromosomes and nuclear condensation were also observed. The cytogenetic effects observed suggest that folkloric medicines prepared with extracts of the leaves or seeds of A. crassiflora should be employed with caution.
Introduction
The World Health Organization (WHO) asserts that approximately 80% of the population in developing countries rely on traditional practices for basic health care, and that 85% of folklore medicines employed in the treatment of domestic and community ailments are prepared using plant materials (Ministério da Saúde do Brasil 2006). However, medicinal plants may synthesize toxic compounds as part of their natural defence mechanisms against phytopathogens, insects and herbivores (Negrelle & Gomes 2007) . On this basis, studies relating to toxicity and mutagenesis are indispensable in order to ensure that plant resources are employed in a safe manner (Lubini et al. 2008) .
Although numerous plants from the native Brazilian flora are ingested as food or for medicinal purposes, scientific evidence relating to their pharmacological or toxicological properties is generally scarce or nonexistent, a situation that constitutes a serious public health problem (Veiga Júnior et al. 2005) . In this context, many species of the family Annonaceae possess important biological properties, including cytotoxic, antitumour, abortive, immunosuppressant, antiemetic, vermicidal, antimicrobial, antimalarial and appetite suppressant activities, and some are employed as natural pesticides (Nascimento et al. 2003) . In the case of Annona crassiflora Mart., a plant that is endemic to the Brazilian Cerrado, where it is known as "araticum" or "marolo", the fruit is edible and much appreciated by the local population. Moreover, the pulp of the ripe fruit is employed as an astringent and a tonic, while infusions of the leaves and triturated seeds are used in the treatment of diarrhoea, snakebites, tumours and disorders of the hair and scalp, and as emmenagoguic agents (Pereira et al. 2008; Soares et al. 2009 ).
Despite the numerous potential therapeutic applications of the species and its common use in traditional medicine, few studies have been performed regarding its cytotoxicity. However, Vilar et al. (2008) demonstrated that ethanolic extracts of leaves from A. crassiflora presented cytotoxic and antimutagenic activities according to the micronucleus test in mice, while Santos et al. (1996) showed that araticulin, a compound isolated from A. crassiflora seeds, was cytotoxic to human tumour cells.
The cytotoxic effects of plant extracts and essential oils can be evaluated through various cytogenetic assays, including the straightforward and relatively inexpensive root-tip assays (Sobita & Bhagirath 2005; Kuras et al. 2006; Akinboro & Bakare 2007; Celik & Aslanturk 2007; Sousa et al. 2009; Sousa & Viccini 2011) . Application of plant-based genotoxicity assays is justifiable since the results attained using such systems generally correlate well with those obtained from analogous mammal-based tests (Celik & Aslanturk 2007) . In this context, Lactuca sativa L. (lettuce) is widely used in the detection of mutagens and genotoxic compounds in extracts derived from medicinal plants because it exhibits elevated sensitivity to exogenous agents. Furthermore, the L. sativa test enables various genetic endpoints to be verified, and allows the determination of mechanism of action of such agents against the DNA of the exposed organisms (Sousa & Viccini 2011) .
The objectives of the present study were to evaluate the effects of ethanolic extracts of leaves and seeds of A. crassiflora on the germination of seeds of L. sativa, on the elongation of seedling roots, and on the structure and dynamics of chromosomes and nuclei of root meristem cells.
Material and methods
Origin of plant material and preparation of extracts Mature leaves and seeds of A. crassiflora were collected in March 2011 in the municipality of Formiga, State of Minas Gerais (MG), Brazil. Plant material was authenticated in the Departamento de Biologia, Universidade Federal de Lavras, Lavras, MG, Brazil and voucher specimens (reference numbers 16568, 16629, 16632, 16646 and 16682) were deposited. Leaves were heated in an oven at 40
• C until they became brittle, following which they were manually fragmented. Seeds were air-dried at room temperature and subsequently ground to a powder. Extracts were prepared by steeping macerated plant material in absolute ethanol for 7 days, followed by filtration and concentration under reduced pressure at the rotary evaporator.
Chemical analysis of extracts
Qualitative chemical analysis of extracts was carried out according to the method described by Matos (1997) , while total polyphenolic content was determined using the FolinDenis method (Association of Official Analytical Chemists 1995) with tannic acid as the reference standard. Potential cytotoxic compounds were detected as follows: alkaloids by Bouchardat, Dragendorff and Mayer reagents, catechins by the vanillin-hydrochloric acid test, tannins, depsides and depsidones by ferric chloride reagent, coumarin derivatives by fluorometric assay with sodium hydroxide/ultraviolet light at 365 nm, and steroids and triterpenoids by the Liebermann-Burchard test.
Germination and growth of L. sativa
The toxicities of ethanolic extracts of A. crassiflora were evaluated by examining their effects on the germination of seeds of L. sativa cv. Salad Bowl and on the subsequent growth of the root tips. For each assay, 30 lettuce seeds were transferred to a Petri dish (9 cm diameter) lined with germination paper that had been moistened with 5 mL of the test sample. Incubation was carried out in a biochemical oxygen demand (BOD) incubator at 24
• C in the dark, and percentage germination was evaluated every 8 h over a 48 h period. Seeds were considered to have germinated when the radicle protruded through the tegument. After 96 h of incubation, root elongation in the germinated seeds was evaluated using a digital pachymeter. The experiment followed a randomized design involving treatments with ten concentrations (0.0125, 0.025, 0.05, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, and 1.2 mg/L) of ethanolic extract in water or with aqueous ethanol (0.03% by volume) as control, and five repetitions were performed for each treatment. Based on the data collected, growth curves were constructed and the concentrations of extracts required for 50% inhibition (IC50) of root-tip elongation were calculated.
Cytogenetic analysis
Analyses were carried out on roots from seedlings of L. sativa that had been treated for 48 h with leaf and seed extracts of A. crassiflora at concentrations equivalent to 0.5, 1.0 and 1.5-times the respective IC50 values or with aqueous ethanol as control. The roots were fixed with ethanol/glacial acetic acid (3:1, v/v) for 24 h, washed with distilled water and hydrolysed in 1 M HCl at 60
• C for 10 min. For each treatment, five slides were prepared using the aceto-orcein (2%) squash method (Guerra & Souza 2002 ) and ten fields were evaluated (totalling 1000 cells/slide) under an Axio Lab.A1 reflected-light microscope (Carl Zeiss, Jena, Germany) equipped with an AxioCam ERc5s image capture system. Mitotic indices and frequencies of chromosome and nuclear abnormalities were assessed.
Statistical analysis
Data were analyzed using R software (R Development Core Team 2009) and the results were expressed as means ± standard deviation (SD) of three independent experiments. Kruskal-Wallis and Dunn post hoc tests were applied to evaluate the significances (α < 0.05) of between-treatment differences in percentage germination, root length, mitotic index and frequency of chromosome and nuclear abnormalities. Regression analysis was employed in the determination of IC50 values.
Results
Chemical analyses of ethanolic extracts fromA. crassiflora revealed the presence of various classes of compounds with potential cytotoxic activities. Thus, the leaf extract contained alkaloids, catechins, tannins, depsides, depsidones, steroids and triterpenoids, while alkaloids, coumarin derivatives, depsides and depsidones were detected in the seed extract. Quantitative analyses revealed that the mean concentrations (± SD) of total polyphenols in leaf and seed extracts were 8.7±0.37 and 11.7 ± 3.73 g per 100 g, respectively.
Seeds of L. sativa that had been exposed for 48 h to A. crassiflora leaf extracts at concentrations ≥ 0.1 mg/L showed germination percentages that were significantly (p < 0.05) lower than those of seeds exposed to aqueous ethanol control. Similar effects were observed with seeds of L. sativa that had been exposed to A. crassiflora seed extracts at concentrations ≥ 0.2 mg/L (Table 1 ). In comparison with the control, the largest inhibition of germination (85.81%) was observed following treatment with A. crassiflora seed extract at a concentration of 1.2 mg/L. Leaf and seed extracts from A. crassiflora inhibited the elongation of L. sativa root tips significantly (p < 0.05), and the observed decrease in growth was proportional to the increase in concentration of the extract (Fig. 1) . The concentrations of leaf and seed extracts required for IC 50 of root-tip elongation in lettuce were, respectively, 0.1 and 0.6 mg/L.
Cytogenetic analysis revealed that, in comparison with controls, exposure of L. sativa seedlings to leaf (but not seed) extracts of A. crassiflora at concentrations between 0.5 and 1.5-times IC 50 , produced significant (p < 0.05) reductions in the mitotic indices of root meristem cells (Table 2 ). In contrast, both leaf and seed extracts induced chromosomal and nuclear abnormalities in lettuce root cells, and these included chromatin bridge formation, delayed chromosome segregation, chromosome loss and stickiness, and nuclear condensation. Such abnormalities may have contributed to the diminution in root growth and the restricted development observed (Fig. 2) .
Discussion
The present study has revealed that ethanolic extracts of leaves and seeds from A. crassiflora exhibit cytogenotoxic effects, with the activity of the latter, to the best of our knowledge, being reported here for the first time. Toxicities were established through bioassays involving germination and root elongation of L. sativa, as well as by cytogenetic analyses. The results demonstrate that, in comparison with controls, treatment of L. sativa seeds with extracts from A. crassiflora led to reductions in both germination and root growth, effects that may be associated with the inhibition of mitosis and/or alterations in chromosome and nuclear structures and dynamics.
The mitotic index represents a valuable parameter through which cytotoxicity of agents can be observed (Leme & Marin-Morales 2009) . In the present study, leaf extracts of A. crassiflora exerted pronounced mi- todepressive effects on L. sativa root cells when applied at concentrations in the range 0.5 to 1.5-times the IC 50 value, giving rise to reductions in mitotic indices of more than 50%. Indeed, treatment of lettuce seeds with A. crassiflora leaf extract at a concentration of 0.05 mg/L (0.5-times IC 50 ) led to a reduction in the mitotic index of the root meristem cells by 68.49% (Table 2 ). This phenomenon may be explained by the impairment of nuclear division in interphase cells and by the demise of such nuclei, thus disrupting the initiation of the prophase and of cell division (Solomon et al. 1999 ). The present findings corroborate this hypothesis since both leaf and seed extracts of A. crassiflora induced nuclear condensation in lettuce root cells, a morphological aspect that is commonly associated with programmed cell death in plants (Solomon et al. 1999) .
The toxicity of A. crassiflora extracts is most likely due to the presence of alkaloids, phenols and coumarintype secondary metabolites. It is known, for example, that alkaloids are selective and specific inhibitors of checkpoints in the cell cycle (Pinto et al. 2002) , while phenolics can inhibit root development and cell division causing growth retardation and, eventually, plant death (Li et al. 2010) . Moreover, coumarins have been shown to initiate dose-dependent inhibition of photosynthesis and glycolysis leading to an overall reduction in cell activity and root elongation (Li et al. 1993) . In the present study, the dose-dependent reduction in root growth was clearly evident in L. sativa seeds that had been treated with A. crassiflora extracts.
Leaf and seed extracts of A. crassiflora can be considered genotoxic since they induced significant (p < 0.05) alterations in chromosomes and nuclei of lettuce root meristem cells. The presence of bridges and broken chromosomes are indications of a clastogenic effect, while chromosome loss, delayed alignment/rearrangement and sticky or C-metaphases result from aneugenic effects (Leme & Marin-Morales 2009) . In the present study, chromosome stickiness was frequently observed, particularly in metaphase cells, suggesting that extracts of A. crassiflora interfere with the organization of chromatin through an imbalance in the proportion of structural proteins such as the histones (Kuras et al. 2006) . Chromatin bridges were regularly detected in anaphase and telophase cells, and their formation may be attributed to chromosome breakage, stickiness and breakage-fusion-bridge cycles (El Ghamery et al. 2003) . Additionally, losses and delayed alignment/rearrangement of chromosomes were observed in metaphase, anaphase and telophase cells that had been exposed to leaf or seed extracts from A. crassiflora. Such disruption in cell division results in the unbalanced segregation of chromosomes and gives rise to the formation of daughter cells with irregular interphase nuclei of different sizes (El Ghamery et al. 2003) . Since the presence of micronuclei was not observed in the present study, it is possible that missing chromosomes and chromosomal fragments disintegrated in the cytoplasm.
The results of the present investigation corroborate those of Vilar et al. (2008) even though these authors used a different biological system and bioassay (micronucleus test in mice). In contrast, Vilar et al. (2011) were unable to detect genotoxic or mutagenic activities of ethanolic extract of leaves of A. crassiflora using prophage λ induction (SOS-Inductest) and bacterial mutagenicity (Ames test) assays. This divergence may have resulted from the type of organisms employed in the tests, in that our study involved eukaryotes while that of Vilar et al. (2011) employed prokaryotes.
Even though A. crassiflora is employed extensively in Brazilian folk medicine, the findings of the present study suggest that use of the leaves and seeds from this plant may result in significant negative genotoxic effects. Further detailed analyses of the ethanolic extracts of A. crassiflora, involving different organs at various stages of maturation and collected in different seasons, would not only improve our knowledge of the possible benefits of the active principles and their mechanisms of action, but would also increase awareness regarding their potential harmful effects.
